Flood-Frequency
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.
Supplemental Information
A water year is the period from October 1 to September 30 and is designated by the year in which it ends; for example, water year 2015 was from October 1, 2014, to September 30, 2015. 
Abbreviations

Abstract
In 2016, the U.S. Geological Survey, in cooperation with the U.S. Army Corps of Engineers and the Federal Emergency Management Agency, began a study in Arkansas to investigate possible increasing trends in annual peak streamflow data and the possible resulting increase in the annual exceedance probability flood (AEPF) predictions. Temporal trends of peak streamflow were investigated at 15 selected streamgages on unregulated streams in Arkansas having 30 or more years of peak streamflow data through the 2016 water year. For the period of record at each streamgage, the Mann-Kendall trend test indicated that 14 of the 15 streamgages had no statistically significant peak streamflow trends and 1 streamgage had a statistically significant decreasing peak streamflow trend. Visual examination of the locally estimated scatterplot smoothing technique trend lines of the peak streamflow data indicated a possible increasing peak streamflow trend at 8 of the 15 streamgages since the 1990s.
Introduction
Significantly increasing peak streamflow trends are of concern to local, State, and Federal agencies in Arkansas because of the corresponding increased flood risk to highway structures and surrounding communities. The risk of flooding can be characterized by annual exceedance probability flood (AEPF) predictions, which are developed from peak streamflow data and flood-frequency analysis. Transportation and drainage infrastructure, such as bridges, culverts, channels, canals, dams, and levees, generally is designed and operated under the assumption of stationarity (Milly and others, 2008) , which implies that natural and anthropogenic-induced changes are too small to significantly affect statistical characteristics like annual peak streamflow (Walter and Vogel, 2010) . However, substantial natural and anthropogenic changes might result in significant trends within the annual peak streamflow data.
When completing flood-frequency analyses, the peak streamflow data are assumed to be stationary and their statistical properties are unchanged over time, according to Bulletin 17B, "Guidelines for Determining Flood Flow Frequency" (Interagency Committee on Water Data, 1982). However, stationary and nonstationary peak streamflow data are effectively indistinguishable because of the paucity of observation records except where changes in the underlying processes are so dramatic that no statistical assessment is necessary (Lins and Cohn, 2011) . Additionally, there can be multidecadal and century-scale variation in streamflow lending to multiyear periods in those records that may indicate uptrends and downtrends and, thus, are not necessarily indicative of a persistent change in the system (Cohn and Lins, 2005) .
Hirsch (2011) denoted the importance of frequent updates to flood-frequency analyses to assist water-resources management in the design of structures that are dependent on the hydrologic variables that result from these analyses. In Arkansas, the two most recent flood-frequency reports were published in 1995 (Hodge and Tasker, 1995) and 2016 (Wagner and others, 2016) and documented the regional regression equations (RREs) used to calculate the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent AEPFs. The U.S. Geological Survey (USGS), in cooperation with the U.S. Army Corps of Engineers and the Federal Emergency Management Agency, completed a study to determine if significant increasing trends exist in annual peak streamflow data from Arkansas and to compare the percentage differences (PDs) of the AEPF estimates from the two most recently published flood-frequency reports for Arkansas.
Purpose and Scope
This report presents (1) an analysis of trends within peak streamflow data for 15 selected streamgage sites in Arkansas and (2) the PDs between the 1995 and 2016 Arkansas AEPFs for the 50-, 20-, 10-, 4-, 2-, 1-, and 0.2-percent AEPFs at the 15 selected sites and at ungaged sites at the 0-, 10-, 50-, and 85-percent lengths of each of the 15 selected streams where those locations were within the boundaries of the State.
Study Area
The geographic scope of this report encompasses most of Arkansas ( fig. 1 ). Arkansas is characterized by a diverse topography and contains parts of six physiographic sections: the Springfield-Salem Plateaus, Boston Mountains, Arkansas Valley, Ouachita Mountains, West Gulf Coastal Plain, and Mississippi Alluvial Plain (Wagner and others, 2016) . The climate in Arkansas is mild and moderately humid. For the period 1951-2011, mean annual precipitation for the State was 49.8 inches (in.) and ranged from 44 in. in the Springfield-Salem Plateaus near the Missouri State line and the Arkansas Valley near the Oklahoma State line to 64 in. in the Ouachita Mountains (Pugh and Westerman, 2014) . Wagner and others (2016) used data collected through 2013 and the Expected Moments Algorithm (EMA) for fitting the Log-Pearson Type III distribution of the annual peak streamflow data that were used to estimate AEPFs others, 1997, 2001; Griffis and others, 2004) . The use of the EMA method to estimate AEPF events was recommended by the Subcommittee on Hydrology as a revision to Bulletin 17B (Advisory Committee on Water Information, Subcommittee on Hydrology, Hydrologic Frequency Analysis Work Group, written commun., 2013). The EMA method applies the Grubbs-Beck test to screen multiple potentially influential low floods that are not relevant to the processes associated with larger floods (Cohn and others, 2013) . The EMA addresses several methodological concerns identified in Bulletin 17B while retaining the essential structure and moments-based approach procedures for determining flood frequency (Interagency Committee on Water Data, 1982) . The EMA can accommodate interval data, which simplifies the analysis of datasets containing censored observations, historical and (or) paleo data, low outliers, and uncertain data points while also providing enhanced confidence intervals for the estimated streamflows (Veilleux and others, 2014) . The 2016 report (Wagner and others, 2016) also incorporated an updated regional skew coefficient, which was developed for Arkansas using Bayesian weighted least-squares/generalized least-squares regression (Veilleux, 2009 (Veilleux, , 2011 .
Arkansas Flood-Frequency Reports from 1995 and 2016
The 1995 Arkansas flood-frequency analysis (Hodge and Tasker, 1995) defined four flood regions and used data collected through 1993 from 204 streamgages to develop the RREs. In comparison, the 2016 Arkansas flood-frequency analysis (Wagner and others, 2016) documented five flood regions (dividing region B of the 1995 report into subregions B1 and B2; fig. 2 ) and used data collected through 2013 from 281 streamgages to develop RREs. The 1995 and 2016 RREs included some similar basin characteristics; however, the 2016 RREs typically included additional basin and climatic variables compared to the 1995 RREs. As a result, for the same streamflow location, the AEPF estimates from the 1995 (Hodge and Tasker, 1995) and 2016 (Wagner and others, 2016) flood-frequency reports may be different.
With respect to floods, the annual exceedance probability estimates the likelihood, in percent, of a specific magnitude flood occurring in any given year. For instance, a 1-percent AEPF is a flood with a 1-percent probability of occurring during any given year. Traditionally, AEPFs have been expressed as a recurrence interval (RI), in years, where 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent AEPFs were reported as 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year RI floods, respectively (Holmes and Dinicola, 2010) . In terms of probability of occurrence, this means there is a 1 in 100 chance (or 1-percent probability) that in any single year, the 100-year flood (1-percent AEPF) will occur at a given location. However, some have erroneously interpreted the "100-year flood" to mean that a flood of that magnitude would be expected to occur only once during a 100-year period. In fact, a 1-percent AEPF (100-year flood) has a 1-percent probability of occurring in any given year, regardless of past flooding events.
The probability P that a flood with an annual exceedance probability, in percent, will occur at least once in an N-year period is shown in the following equation:
where P is the probability of the annual exceedance probability (AEP) flood occurring over N-year period; AEP is the annual exceedance probability, in percent; and N is the number of years. 
Methods and Results
The following sections describe the methods used to identify significantly increasing peak streamflow trends in Arkansas streams. The Mann-Kendall trend test and the locally estimated scatterplot smoothing (LOESS) technique were used to detect trends in the peak streamflow data at 15 selected streamgages for the period of 1930-2016. Temporal changes of the 1-percent AEPF that were attributed to the additional peak streamflow data resulting from increasing the period of record analyzed were investigated. In addition, the PDs in the 1-percent AEPFs derived using RREs from Hodge and Tasker (1995) and Wagner and others (2016) for 74 selected locations along 15 streams were compared for various annual exceedance probabilities, and the average PDs by flood region were analyzed. All streamflow data are publicly available from the USGS National Water Information System database (U.S. Geological Survey, 2016).
Mann-Kendall Tau Test for Trends in Peak Streamflows
Hydrologic data commonly have a nonnormal distribution, which means that statistical tests assuming an underlying normal distribution can be inadequate for trend detection (Kundzewicz and Robson, 2004) . The nonparametric Mann-Kendall trend test assumes no underlying distribution and tests for the likelihood of an increasing or decreasing temporal peak streamflow trend. Annual peak streamflow data that were available for the 15 selected streamgages through the 2016 water year were analyzed for trends using the Mann-Kendall trend test. The Mann-Kendall trend test was used to compute the monotonic relation between peak streamflow and water year (Helsel and Hirsch, 2002) and resulted in a Kendall's tau coefficient that indicated the direction of the trend and the significance level or probability value (p-value). In this analysis, a trend was considered statistically significant if the p-value was less than or equal to 5 percent. Excluding the historic peak streamflow events and using the available peak streamflow record through 2016 for each streamgage, the p-value resulting from the Mann-Kendall trend test indicated 14 of the 15 selected streamgages had no statistically significant trends and 1 streamgage had a significant decreasing trend ( fig. 1, table 1) as indicated from the p-value (p-values less than or equal to 0.05) and the negative value of Kendall's tau.
Locally Estimated Scatterplot Smoothing of Peak Streamflows
LOESS is a nonparametric regression technique for estimating regression surfaces others, 1988, 1992) by smoothing a curve through a scatterplot and providing a visual representation of the trend pattern. For this study, the smoothing function attempts to capture the general patterns in the peak streamflow versus water-year relation. The LOESS trend line indicates the central tendency of the peak streamflow data with respect to water year and was evaluated using the LOESS function in R (R Core Team, 2016). The primary parameter affecting the smoothness of the fit is the span or window width. The span parameter controls how the data nearest to a specific point are weighted, and it affects the LOESS fit through that specific point. The selection of the span is determined subjectively according to the purpose of smoothing (Helsel and Hirsch, 2002) . In this study, all LOESS trend lines were plotted using a span parameter of 0.75. Visual examination of LOESS trend line plots ( fig. 3) indicated an increasing streamflow trend starting from the 1990s to the ending year for the period of record for eight streamgages (sites 1-3, 5, 7-8, 10, and 13 in fig. 1, fig. 3, and table 1) . A similar trend could not be observed for site 14, Bayou Bartholomew near Star City (USGS station 07364120; table 1), because the period of record at that site ended in 1980.
One-Percent Annual Exceedance Probability Changes through Time
All annual peak streamflow events at a streamgage location throughout time are referred to as the "population" of peak streamflow data. The term "sample" refers to a part of this population that is representative of the population from which it was selected. The USGS peak streamflow data are "samples" of peak streamflow at a streamgage location. The length of a peak streamflow record used to estimate the 1-percent AEPF affects the accuracy and confidence limits in the estimates, and AEPF estimates become more accurate as the length of a peak streamflow record increases. In a shortterm (10 to 20 years of annual peak streamflow data) record, the extreme peak streamflow events substantially affect the 1-percent AEPF statistics; however, as the length of the peak streamflow record increases, these extreme peak streamflow events have less effect, so the accuracy and confidence in the 1-percent AEPF estimates increases.
To evaluate temporal changes to the AEPF at streamgages, the 1-percent AEPFs (100-year RI floods) were calculated by sequentially apportioning the peak streamflow data from a short period-of-record segment to a longer segment and reevaluating the 1-percent AEPF using each longer segment. The initial 1-percent AEPF was derived from a 10-to Table 1 . The 15 selected streamgages and the associated Mann-Kendall trend results with probability (p) values for the designated period of record.
[p-values less than or equal to 0.05 are considered significant, and streamgages with significant trends are shaded in gray; USGS, U.S. Geological Survey; DA, contributing drainage area; mi 2 , square mile; NPFSY, number of streamflow peaks (historic peak streamflow removed from trend analysis)] 20-year annual peak streamflow subset of annual peak streamflow data that provided adequate number of peak streamflow data to initially estimate the initial 1-percent AEPF (table 2) . Subsequently, the next 10 years of peak streamflow data were appended to this initial peak streamflow data subset, and the 1-percent AEPF was reevaluated. This process continued until the full period of record was analyzed for the 1-percent AEPF.
The resulting sequential estimates of the 1-percent AEPF (table 2) were plotted with 90-percent confidence intervals and the annual peak streamflow data to document the temporal changes of the 1-percent AEPF with increasing peak streamflow record length at each streamgage location ( fig. 4) . The PDs of the sequential estimates from the initial 1-percent AEPF were calculated as follows:
( 2) where PD: (Q 1%(N) ) is the percentage difference between the 1-percent AEPF from the Nth subset of peak streamflow data and the 1-percent AEPF (Q 1%(I) ) from the initial subset of peak streamflow data as listed in table 2; Q 1%(N)
is the 1-percent AEPF calculated from the Nth subset of peak streamflow data as listed in table 2; and Q 1%(I)
is the 1-percent AEPF calculated from the initial subset of peak streamflow data as listed in table 2. This analysis indicated a maximum increase in the 1-percent AEPF of 113 percent at site 3 ( fig. 1 ) on Eleven Point River in northeastern Arkansas and a maximum decrease in the 1-percent AEPF of 31.9 percent at site 7 ( fig. 1 ) on James Fork in west-central Arkansas (table 2).
Arkansas Regional Regression Equations Comparison
The RREs were published for Arkansas in 1995 (Hodge and Tasker, 1995) for estimating AEPFs at ungaged locations in Arkansas. The RREs were updated in 2016 (Wagner and others, 2016) using 20 years of additional annual peak streamflow data, improved statistical techniques, and regionalized skews. The 2016 RREs also differed from the 1995 RREs by incorporating additional or different basin and climatic characteristics that were determined using geographic information systems and available digital datasets (Wagner and others, 2016) .
The RREs from Hodge and Tasker (1995) and Wagner and others (2016) were used to estimate AEPFs at the 15 selected streamgages and compare PDs between the estimates. To broaden the range of the 2016 and 1995 AEPF comparisons, AEPFs also were computed at 59 ungaged sites that (fig. 4) . The 0-percent location refers to the mouth of the stream on which the streamgage is located, and the 85-percent location refers to the distance 85 percent along the stream length, upstream from the mouth.
The PD change between AEPFs estimated from the 2016 and 1995 RREs at the 15 streamgage locations and the 59 percent locations along each of the selected streams (table 3) for each AEPF were calculated using the following equation:
( 3) where PD (change) is the percentage difference change, which represents the percentage change between the 2016 AEPF estimates and the 1995 AEPF estimates; AEPF (2016) is the AEPF calculated from the 2016 RRE (Wagner and others, 2016) , in cubic feet per second; and AEPF (1995) is the AEPF calculated from the 1995 RRE (Hodge and Tasker, 1995) , in cubic feet per second. PD change is positive when the 2016 AEPF estimates exceed the 1995 AEPF estimates. Conversely, PD change is negative when the 2016 AEPF estimates are less than the 1995 AEPF estimates. This analysis is based on a small sample size of 74 selected streamflow locations in Arkansas and, therefore, only reflects the actual PD changes that may exist between the 2016 and 1995 AEPFs. Also, the 2016 and 1995 AEPF standard error of estimate, in percent, far exceeds the PDs determined in this comparative analysis. Regardless, the average PD change between AEPFs at the 74 streamflow locations was calculated and plotted with the associated RI; the resulting graph shows a near linear relation between the average PD change and log base 10 transformed RI (fig. 5) . The average PDs between the 2016 and 1995 AEPFs indicate the 2016 AEPF estimates were higher than the 1995 AEPFs by an average of 3.52, 5.10, 8.59, and 13.31 percent for the 4-, 2-, 1-, and 0.2-percent AEPFs (25-, 50-, 100-, and 500-year RI floods), respectively. The average PDs between the 2016 and 1995 AEPFs were similar for the 20-percent and 10-percent AEPFs (5-year and 10-year RI floods) and were 0.31 percent lower and 0.41 percent higher, respectively. For the 50-percent AEPF (2-year RI flood) estimate, the 2016 AEPFs were less than the 1995 AEPFs by an average PD of 2.53 percent (fig. 5) .
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Recurrence interval PD (change) =((AEPF (2016) -AEPF (1995) )/AEPF (1995) )x100 Figure 5 . Relation between the log base 10 transformed recurrence interval and the average percentage difference change between the 2016 and 1995 annual exceedance probability flood estimates for the 74 streamflow locations representing 15 streamgages and the 0-, 10-, 50-, and 85-percent locations along the stream, terminating at the Arkansas border. Table 3 . The percentage difference between the 2016 and 1995 annual exceedance probability floods for the 74 selected streamflow locations, which include the 15 selected streamgage locations and the 0-, 10-, 50-, and 85-percent locations along each of the selected streams, terminating at the Arkansas border, when applicable.
[A positive percentage difference change value denotes the 2016 annual exceedance probability flood is greater than the 1995 annual exceedance probability flood; therefore, a negative percentage difference change value (denoted in red with parentheses) denotes the 2016 annual exceedance probability flood is less than the 1995 Table 3 . The percentage difference between the 2016 and 1995 annual exceedance probability floods for the 74 selected streamflow locations, which include the 15 selected streamgage locations and the 0-, 10-, 50-, and 85-percent locations along each of the selected streams, terminating at the Arkansas border, when applicable.-Continued [A positive percentage difference change value denotes the 2016 annual exceedance probability flood is greater than the 1995 annual exceedance probability flood; therefore, a negative percentage difference change value (denoted in red with parentheses) denotes the 2016 annual exceedance probability flood is less than the 1995 Outlier (less than first quartile minus 1.5 times the IQR) Figure 6 . The range of percentage differences of annual exceedance probability flood estimates from the 1995 to the 2016 regional regression equations by peak streamflow region as designated by Wagner and others (2016) .
